Of interest to cardiologists is a large group of rare systemic diseases in which involvement of the cardiovascular system may produce clinical evidence of cardiovascular disease, or may lead to cardiac failure (Weiss, 1939 ). An attempt has been made to outline the basic clinical, laboratory and pathological features of a few of these processes (Saphir, 1942; * Weiss et al., 1943; . The accompanying cardiac manifestations may then be correctly interpreted as a part of a generalized disease, and thus be differentiated from the more common forms of cardiac disease. The importance of an accurate etiologic classification of these rare diseases has been emphasized previously (Weiss et al., 1943) since factors of specific therapy must be considered. Gargoylism, a rare disease of infancy and childhood, has been shown to belong to this group of obscure, miscellaneous systemic processes. In recent pathological studies of gargoylism, it was found that the heart and vascular apparatus are often significantly involved in this diffuse disease , and furthermore that a high percentage of children with gargoylism have clinical evidence of cardiovascular disease or die from cardiac failure.
It is the main purpose of this report (1) to review the clinical manifestations of gargoylism, stressing those of cardiovascular origin, (2) to summarize the available pathological data, particularly in regard to the heart and vascular system and (3) to record an additional case of gargoylism occurring in infancy, in which involvement of the heart by the storage process was responsible for acute fatal myocardial failure.
GENERAL CHARACTERISTICS
Previous pathological studies have shown that gargoylisnmis a generalized disease in which almost all tissues in the body are the sites of an abnormal storage process (Kressler and Aegerter, 1938; Strauss, 1948; . Unlike the majority of storage diseases in which the reticuloendothelial system alone shows extensive involvement, gargoylism is characterized by the deposition and retention of a macromolecular substance mainly in parenchymal cells and in fibroblastic and other supporting connective tissues. In the earlier studies on limited autopsy material (Ashby et al., 1937) it was generally agreed that gargoylism was a lipid storage process, though Kressler and Aegerter (1938) found variable histochemical staining reactions. Washington (1940) proposed the term lipochondrodystrophy. More recent pathological studies have shown that the material stored in the altered cells gives the histochemical reactions of glycogen. Furthermore there is evidence that this carbohydrate is combined with protein as a glycoprotein .
There is no evidence of altered carbohydrate metabolism in gargoylism, except for the recording of abnormal galactose tolerance tests in a few instances. This indicates that the stored carbohydrate represents a complex macromolecular substance which can not be disposed of or degraded by the tissue cells and does not enter the carbohydrate turnover of the body. 17
STUART LINDSAY Clinical evidence of the disease is not generally apparent until the stored material accumulates in quantities sufficient to alter the structure or interfere with growth of the skeletal or other tissues. While signs of the disease may be present at birth, usually these do not make their appearance until near the end of the first year of life.
Recurrence of the disease in families has been noted often, even in as many as three generations. Halperin and Curtis (1942) believe that the disease is most likely due to the action of a single recessive autosomal gene. The inheritance of. glycogen disease (Von Gierke's disease) is also believed to be due to a Mendelian recessive characteristic (Abramson and Kurtz; .
Over 150 cases of gargoylism have been recorded; the bibliography of the majority of these have been collected elsewhere Reilly, 1948, and Strauss, 1948) .
CLINICAL PICTURE OF GARGOYLISM
These children usually have such a characteristic appearance as to suggest a familial relationship (Fig. 1) . The external manifestations ordinarily appear at 1 to 1l years of age, though one of our patients showed the typical facies at 3 months. In one recorded case, the child was described as having a repulsive appearance with a deformed skull at birth (Ashby, Stewart, and Watkins, 1937) . Some children had corneal clouding at birth. The grotesque appearance of these little creatures led to the application of the term gargoyle by Ellis and his co-workers (1936).
There is relative enlargement of the head. Hirsutism of the trunk and extremities, as well as of the scalp, neck, and eyebrows has been present in over half the patients.
One of the most prominent findings, often antedating the skeletal and other external manifestations, is chronic nasal infection with profuse nasal discharge and severe nasal obstruction. This is probably responsible for the frequency of pulmonary infections so often noted in these children.
Most of these children show progressive mental deficiency beginning at about 6 to 18 months after the onset of the other clinical manifestations of the disease. Three of 15 patients whose intelligence was tested had normal mentality. One of the three died at the age of 11 years, and pathologic examination of the brain showed storage involving only some of the connective tissue cells of the central nervous system (Reilly and Lindsay, 1948 Serological tests for syphilis were done in 14 of the patients; all gave negative results.
ROENTGENOGRAPHIc FINDINGS
In well developed cases, the skeletal alterations of gargoylism are characteristic and have been described in detail elsewhere (Reilly and Lindsay, 1948) . Changes in the skull include enlargement and shallowness of the sella tursica and prominence of the frontal bones. The scapulas are widened, and the ribs are broadened and distorted. Notch-like irregularities of the lower thoracic and lumbar vertebral bodies often produced dorsal kyphosis. Pronounced lesions are demonstrated in the extremities, where the shaft of the long bones tends to be short and broad with bizarre central swellings. There is delay of epiphyseal maturation and the epiphyseal plates are usually flat and deformed. Those of the radius, ulna, and tibia are often angulated. Irregular widening of the phalanges, metacarpals, and metatarsals account for the claw-like hands and feet of these children. Two patients had encephalograms; one showed frontal cerebral atrophy, and the other internal hydrocephalus. Since the intercellular substances supporting these cellular elements are derived from their cytoplasm, and since the cellular cytoplasm is altered due to the storage process, it is not surprising that the intercellular connective tissue substances have an abnormal appearance. In some situations, particularly in the cardiovascular system, the storage process in fibroblastic cells was associated with increased amounts of altered collagenous intercellular substances. Most collagenous fibres had lost their normal fibrillary characteristics, and appeared swollen and homogeneous. Osteomucin and chondromucin frequently had a fibrillary or mucoid appearance and were poorly formed. These alterations of connective tissues, associated with lack of normal osteoblastic activity, particularly at epiphyseal lines, appears to be a prominent factor in the retarded skeletal growth in these children.
HISTOLOGICAL LESIONS IN GARGOYLISM

CARDIOVASCULAR SYMPTOMS AND SIGNS
In the published reviews of gargoylism, cardiovascular signs and symptoms, occasionally with death from cardiac failure, are frequent (Reilly and Strauss, 1948) . While Ellis and his co-workers (1936) mentioned no cardiovascular abnormalities in the 15 patients reviewed by them, Washington (1940) recorded three cases of gargoylism with death resulting from cardiac failure.
The clinical records of 16 cases of gargoylism previously reported (Reilly and Lindsay, 1948) were reviewed for evidence of cardiovascular disease: 2 presented symptoms that may have been of cardiovascular origin, 11 had physical or roentgen signs of cardiovascular disease at some time during the course of their illness, and of the 8 fatal cases with autopsies, 4 died of cardiac failure.
Of an additional 16 reported fatal cases, 3 were reported as presenting symptoms of cardiac disease, and 5 had clinical signs of cardiac abnormality. In several reports, the cardiac status was not mentioned. Nine of the 16 additional reported patients who succumbed to their disease appear to have died of cardiac failure. The recorded cardiovascular signs and symptoms and cause of death in all these cases have been summarized in Table I. PATHOLOGICAL CARDIOVASCULAR LESIONS IN GARGOYLISM Gross Lesions. Of the 25 patients with gargoylism on whom an autopsy was done, the weight of the heart was recorded in 16; in 13 of these, there was cardiac hypertrophy. The weight of the heart varied from 10 to 147 grams more than the average normal weight for the patient's age. In two instances, the weight of the heart was increased two and three times respectively. In two cases, the cardiac weight was within normal limits, and in one the weight was slightly less than normal. Considering that dwarfism is usual, the degree of cardiac hypertrophy is generally extreme.
In 4 of the 25 patients, there was opaque thickening of the epicardium, in one instance involving STUART LINDSAY 20 both left and right ventricular surfaces. In three instances, there was similar diffuse thickening of the endocardium, mainly of the ventricles and especially prominent near the mitral valve. Significant left ventricular hypertrophy was described in seven of the autopsied cases. In one there was hypertrophy of the right ventricular wall as well. The myocardium was pale and firm in one, and in the case described in this paper was soft and greyish red. The presence of myocardial fat was mentioned in one case.
The valvular lesions are probably the most striking cardiac abnormalities seen in this disease, and were described in 14 of the 25 recorded fatal cases. In one, the mitral and tricuspid valves were described as " congested " (Ashby, Stewart, and Watkins, 1937) , and in one the valvular lesion was described only as " chronic endocarditis " (Stoeckel, 1941) . More adequate descriptions are available in the remaining 12 cases.
In the one reported by Kressler and Aegerter (1938) the mitral valve was thickened, scalloped, and showed orange pigmentation of the cusps; the edge of the posterior mitral leaflet and the base of the aortic valve were calcified. Wolff's case (1942) showed chronic endocarditis of the aortic, mitral and tricuspid valves with aneurysmal dilatation of the margins of the mitral and tricuspid valves. In one of DeLange's patients (1944), the mitral cusps were diffusely'thickened and stiffened, but had smooth surfaces; there was shortening and fibrous thickening of the mitral chordae tendinea. The tricuspid valvular cusps were thickened, but still flexible. The pulmonic valve was normal, but the free edge of the aortic valvular cusps was thickened. Nja's case (1945) had thickening of both the aortic and mitral valves; in the latter, the thickening was nodular and the attached chordx tendinee were shortened and thickened. In the case recently reported by Strauss (1948) , there were numerous 3 mm. nodules with smooth surfaces, distributed along the mitral and tricuspid STUART LINDSA Y 22 group.bmj.com on June 21, 2017 -Published by http://heart.bmj.com/ Downloaded from THE CARDIOVASCULAR SYSTEM IN GARGOYLISM valves at the insertions of the chordc tendinew, which were short and thick; these nodules had a fibrous consistency. The aortic and pulmonic valves were cedematous and fleshy.
In the material examined at the University of California Hospital, seven of nine patients (including the one presented in this paper) had valvular lesions. In all instances, the mitral valve showed the characteristic lesion (Fig. 2) (1944) there was linear lipid infiltration of the posterior aortic wall. Strauss (1948) described thickening of the aorta and its major branches; the aortic intima was white, wrinkled, and contained yellow plaques.
In the group of eight patients previously reported, gross aortic lesions were described in three . In the aorta of one ten-year-old boy, there were three small intimal plaques just distal to the valve. In the case of a four-year-old boy, there were four oval elevated yellow plaques just distal to the valve. In the third case, numerous small yellow plaques were found just distal to the valve, and there were small linear yellow streaks in the thoracic aorta, most numerous about the intercostal arterial ostea. In addition, there were a few longitudinal streak-like plaques which were grey in colour in this segment of the aorta.
Gross alteration of other vessels had been described in only two cases. In one (Strauss, 1948) there was slight thickening of the pulmonary arterial branches. In another, one of the main pancreatic arteries showed translucent intimal fibrous thickening showed vacuolization of the myocardial fibres; in one instance the vacuoles contained bluish granular material.
The coronary arterial system shares in the connective tissue alteration in gargoylism. Strauss (1948) found segmental medial thickening of the medium size coronary arterial branches; the media contained large vacuolated cells. Four of the cases from this clinic have shown intimal fibrous thickening of the main coronary arteries and the major branches. In three cases this process greatly narrowed the arterial lumens, and two of these died of cardiac failure. The thickened intimal layer consisted of moderately dense wavy collagenous fibres with a concentric arrangement. The fibres were usually swollen, and appeared less fibrillary than normal. Lying between the fibres were elongated clefts containing large swollen fibroblasts with clear cytoplasm. There was pressure atrophy of the surrounding media, and the adventitial connective tissue usually showed changes similar to those of the other cardiac connective tissues.
The storage reaction involves the aortic wall as well as the heart in this disease. There was intimal thickening and swelling of the medial connective tissue cells in the cases described by DeLange (1944) and Strauss (1948) . In five of our cases aortic microscopic lesions have been demonstrated.
The intima was thickened and composed of hyalinized collagenous connective tissue containing distorted vacuolated fibroblastic cells. In a few instances, the superficial part of the intima contained groups of foamy macrophages in which lipid material could be demonstrated. The elastic tissue fibres of the media were usually very distinct and were separated by fusiform clefts containing altered swollen connective tissue cells (Fig. 3) . Some of these cells contained pale greyish blue granular material. The adventitial connective tissue usually had a similar appearance.
In several of the recorded cases, similar though less severe intimal thickening has been described in carotid, mesenteric, pancreatic (Fig. 4) of severity. These lesions bear resemblances to those of glomerulonephritis. While the frequent chronic recurrent respiratory infection in these patients might well result in glomerulonephritis, the lesion has certain characteristics resembling the other altered tissues in this disease. There are increased numbers of both epithelial and endothelial cells in the glomeruli resulting in glomerular enlargement and narrowing of the capillary chahnels (Fig. 5) 
EXTRACARDIAC FACTORS CONTRIBUTING TO CARDIAC EMBARRASSMENT
There are several extracardiac factors operating that should be noted as probably contributing to cardiac embarrassment. One is the thoracic deformity, which includes narrowing of the transverse diameter of the chest with anterior prominence of the sternum, posterior bowing of the -costal cartilages and an increase in the dorsal curvature of the thoracic spine. Elevation of the diaphragm by the enlarged liver and spleen appears to diminish further the volume of the thoracic cavity.
Chronic interstitial pneumonitis, usually with histologic evidence of the abnormal storage reaction in the pulmonary tissues is a common lesion in gargoyles. It is probably secondary to the common chronic nasopharyngeal inflammation which in turn is secondary to the bony deformities of the nose and nasal passages.
Anmmia, at times of severe grade, is a third factor that may be responsible in part for the cardiovascular signs and symiptoms in this disease.
DIAGNOSIS
While the fully developed syndrome of gargoylism should present no diagnostic difficulties, some cases have not shown the complete clinical picture. Thus mental retardation or corneal clouding has been absent in some of the recorded cases that otherwise had the typical facies, hepatosjplenomegaly, dwarfism, and skeletal deformities. These changes do not occur together in any other disease. The external appearance of these children resembles that of cretinism; both at this clinic and elsewhere, substitution thyroid therapy has shown little if any effect on growth. While the serological reactions have been consistently negative, some patients have been given antiluetic therapy because of the resemblance of the cloudy corneas to those of congenital syphilis. Such therapy has been without benefit. A diagnosis of hypertelorism has been suggested in some instances because of the increased intra-orbital distance. Because of the frequency of demonstrable systolic murmurs along the left sternal border, 4 of 16 patients with gargoylism reported from the University of California Medical School were suspected of having a congenital interventricular septal defect. Pulmonary stenosis was suspected in one. Rheumatic heart disease was not considered in the differential diagnosis in this group of cases.
SIMILARITIES OF PATHOLOGICAL CARDIOVASCULAR LESIONS TO THOSE OF GLYCOGENOSIS
The pathologic lesions in the heart and other tissues in gargoylism have some resemblance to those of glycogen disease (Von Gierke's disease). Both these conditions differ from the other storage processes in that the glycoproiein or -glycogen is deposited mainly in parenchymal or fibroblastic cells rather than in reticulo-endothelial cells.
Since Von Gierke's pathological description of glycogen storage disease in 1929, it has become apparent that there were two principal forms of the disease: (1) the type characterized by excessive storage of glycogen in the liver and (2) glycogen storage disease involving the heart; the latter appears to include true excessive glycogen storage in the cardiac muscle fibres and congenital cardiac rhabdomyoma. The differentiation of these lesions has recently been reported. Haymond and Giordano (1946) have reviewed the subject of glycogen disease of the heart, and stressed the characteristic vacuolization of the cardiac muscle fibres. Mason and Anderson (1941) collected 11 cases demonstrating that these vacuoles represented glycogen deposits, and ten of their cases were infants who died from myocardial failure and pneumonia between 5 and 8 weeks of life. Sudden death has been reported (Van Creveld, 1939) . While the cardiac enlargement may be enormous, generally there is no alteration of the pericardium, endocardium, valves, or coronary blood vessels. However, glycogen accumulation in the walls of arteries and veins has been described (Hueper, 1942) . The myocardium has been described as pale brownish or reddish-pink or having greyish streaks. In the nodular form of glycogen storage disease of the heart, Haymond and Giordano (1946) showed additional histological changes similar to those occurring in gargoylism.
In the involved areas, the small coronary arterial twigs showed mild perivascular fibrosis and fibrous intimal thickening. Loose areolar connective tissue with oval vesicular nucleii had replaced many of the myocardial fibres. This connective tissue somewhat resembled the subendocardial and intimal coronary arterial fibrosis of gargoylism. CASE REPORT G.G., a 4+-months-old male child, was well until 18 hours before death. On examination the child was found to have respiratory difficulty and stiffness of the neck. Since there was no improvement in the infant's condition by the following morning, admission to hospital was advised. En route to the hospital, the infant became unconscious and expired.
Autopsy Report. The autopsy was performed at the San Francisco Coroner's Office seven hours after death by Drs. Jeanne I. Miller and Henry D. Moon. The infant was large, and appeared well developed and nourished. External manifestations suggestive of gargoylism were not noted. The fontanelles were slightly depressed.
The peritoneal cavity contained approximately 50 ml. of clear serous fluid. The pleural cavities contained small amounts of sanguinous fluid; the pericardial cavity was normal.
The heart was enlarged and weighed 90 g. after fixation in 10 per cent solution of fomaldehyde U.S.P. The diameter of the heart was greater than half the transverse diameter of the thoracic cavity. All the cardiac chamber were dilated and in addition there was hypertrophy of the wall of the left ventricle. The epicardium was slightly opaque and granular, and there was scanty epicardial fat. The myocardium of both the left and right ventricles was soft and had a mottled, greyish-red colour. There was diffuse, opaque thickening of the endocardium of the left and right ventricles. The valves and chordae tendinee showed nothing abnormal. The ductus arteriosus was barely 27 group.bmj.com on June 21, 2017 -Published by http://heart.bmj.com/ Downloaded from 28 STUART LINDSAY patent; the foramen ovale was closed. The coronary arteries had a normal appearance. The thoracic aorta showed no coarctation.
The thymus gland weighed 35 g., and measured 5 x 5 x 2 5 cm. It appeared normal externally and on section.
The right lung weighed 120 g., and the left lung weighed 60 g. Both lungs had smooth but deeply congested pleural surfaces. The pulmonary parenchyma showed considerable congestion and intraalveolar fluid. While the tissue was more firm than normal, there was no consolidation.
The liver was of normal size and weight. The anterior edge of the right lobe was sharp. The parenchyma was pale, and pinkish-tan in colour. The spleen weighed 30 g. The capsule and pulp were normal The gall bladder and pancreas showed nothing abnormal. The entire gastroenteric tract was normal, though the mesenteric lymph nodes appeared moderately enlarged. The adrenal glands were normal. Each kidney weighed 30 g. The surfaces were smooth, and the cut surfaces showed normal markings and colour. The calyces, pelves, ureters, bladder, and genital system were normal.
The aorta and bone marrow showed no gross pathological lesions. The scalp, skull, and dura were normal. The brain weighed 860 g. The meninges appeared normal. The superficial markings and blood vessels appeared normal. Serial coronal sections through the cerebral hemispheres, cerebellum and brain stem showed no lesions. Microscopical Examination. Blocks of tissue fixed in 10 per cent solution of formaldehyde U.S.P. and embedded in paraffin were kindly made available for study by Dr. Henry D. Moon.
The main coronary arteries all showed narrowing of their lumens due to marked intimal thickening (Fig. 6) . The intimas were composed of concentrically arranged, wavy, collagenous fibres which surrounded fibroblastic cells. The latter had either completely clear or vacuolated cytoplasm.
The media of these coronary arteries was narrowed but the adventitial layer was normal.
The opaque thickened ventricular endocardium had a similar histological appearance (Fig. 7) . The abundant collagenous fibres were swollen, frayed, and vacuolated. Often they had lost their fibrillary appearance. They enclosed fusiform fibroblastic nuclei which had abundant swollen, clear or vacuolated cytoplasm. The connective tissue of the bases of the mitral and aortic valve was similarly altered (Fig. 8) (Fig. 9) . A large adventitial artery had a markedly thickened intima with similar histologic changes as already described. The media was atrophic and the lumen was narrowed (Fig. 10) . Small interstitial hkmorrhages were present in the epicardial and myocardial layers. A few dark pink granules were seen in a few myocardial fibres with the Schiff stain (McManus, 1946) . There was marked vascular congestion of the lungs. There was abundant serous fluid in the alveolar spaces and interlobular septa. The latter also contained numerous large macrophages -with vacuolated cytoplasm. There was no inflammatory reaction. The hepatic cells were enlarged and had distinct cellular membranes (Fig. 11) . The thin outer layer of cytoplasm was condensed and eosinophilic, while the inner portion was finely granular and vacuolated. The portal and central spaces were not altered, and there was no cirrhosis. The Schiff stain showed a few dark pink granules in a few of the Kupffer cells.
The splenic lymphoid follicles were large, poorly defined and had small germinal centres. In the splenic pulp many of the reticulo-endothelial cells were enlarged and had vacuolated cytoplasm. Portions of the basement membranes of the glomeruli were mildly thickened and frayed; cellularity was not increased. There was no alteration of the renal tubules, or of vascular or interstitial tissues. The gastroenteric tract showed nothing abnormal; the lymphoid tissue of the small intestine had a normal histologic appearance.
'+wk~~~0 Akzi . The adrenal cortical cells were normal. The medullary cells were enlarged. The nuclei were normal, but the cytoplasm was swollen, finely granular and vacuolated.
The thymic lobules were large and the cortex contained numerous lymphocytes. In the medulla were many large reticular cells with abundant foamy cytoplasm.
The sinusoids of several lymph nodes were lined by abnormal reticulo-en%dothelial cells. These were enlarged and had abundant vacuolated cytoplasm.
Numerous sections from all portions of the central nervous system showed no abnormalities. There were no changes in the nerve cells suggesting an abnormal storage process.
SUMMARY AND CONCLUSIONS
In a review of 25 recorded autopsies in gargoylism there were 17 patients with gross or microscopic evidence of cardiovascular disease.
The average age of gargoyles dying of cardiac failure is approximately 11 years, with a range from I to 29 years. These fatal-cases have shown the external manifestations of the disease, while the case reported in this paper appeared to present no characteristic external abnormalities. This case also differed from the others recorded in that the degree of cardiac and v'ascular involvement was greater than that of the other tissues. Although the liver, spleen, lymph-nodes, thymus, and adrenal gland all showed cytologic changes previously described in gargoylism, these organs were not enlarged or otherwise grossly altered. This case not only appears to be the youngest patient with garg6ylism dying of cardiac failure, but also again demonstrates that the syndrome of gargoylism may have atypical or intermediate forms. The recording of otherwise typical cases, that however lacked corneal clouding or subnormal mentality, has already suggested the existence of such incomplete forms of the disease (Strauss, 1948) .
The pathological lesions of the heart and vascular system are identical with those of other connective tissues, and consist of swelling and vacuolization of the cytoplasm of the connective tissue cells. The collagenous fibres in the affected tissues are swollen and often amorphous.
While all cardiac connective tissues are generally involved in the disease process, the most pronounced lesions are in the valves and coronary arteries. It is the alteration of these tissues that appears largely responsible for failure of the heart in many instances.
Of the fatal cases of gargoylism that have been reported, including the present one, the cause of death has been recorded in 19 cases; 14 of these appear to have died of cardiac failure.
Gargoylism should be considered in the diagnosis of cardiovascular disease in infants and children.
